Abstract
I. INTRODUCTION
The last General Valuation in Cyprus, in 1980, took about twelve years to be completed by the Lands and Surveys Department. The comparison method was adopted and no computerised (mass appraisal) method or tool was used to assist the whole process. The long time taken over the revaluation and its high cost are the main reasons that a new revaluation has not taken place in Cyprus since 1980. The basis of General Valuations in Cyprus is capital value [l] . Mass appraisal is the systematic appraisal of groups of properties at a given date using standardised procedures and statistical testing [2] . This has become an important tool in the assessment for taxation purposes because it has the capability of assessing land properties in very short time. The principle techniques are MRA and Artificial Neural, Networks ( A N N s ) . This paper applies a hybrid approach, MA", using Modular network methodology [3] . Gallinari (1995) [4] explains that modular systems can be applied in incorporating knowledge tasks. It is hypothesised that cooperative systems perform better and are more robust than single-stage systems [SI, [6] . MA" system was developed for the assessment of houses and apartments in Cyprus in the municipality of Strovolos.
STUDY METHODOLOGY

A. Data Preparation
An empirical study in Strovolos municipality was performed in order to examine and apply M A " s . Data were collected from 20 October 1994 to 31 October 1997 for 211 houses and 492 apartments [7] . Seven outliers in the case of houses and twenty-two in the case of apartments were identified and excluded (estimated values exceeded two standard errors [2] ). The summaries of statistics of the selected features for the houses and the apartments are shown in Tables I and 11 . Figure 1 shows the MANN system for apartments. The same design principles were adopted for houses. Apartment and house MANN systems are multi-feature and multi-assessor systems consisting of selected features given in Table I The SOFM algorithm is an unsupervised learning algorithm where the input patterns are freely distributed over the output node matrix [12]. The weights are adapted without supervision in such a way, so that the density distribution of the input data is preserved and represented on the output nodes. The output nodes are usually ordered in a two dimensional grid, and the weights of the output nodes in the neighbourhood of the winning output node are adapted simultaneously. The SOFM network was implemented in MATLAB 4.2 adopting the TRAINSM function [ 131.
Subsystem 1 : Combiner
The assessment results derived from the three network assessors of the houses and apartments were combined by cumulative average, in order to obtain the assessment (€)/m2 of subsystem 1.
Subsystem 2: MRA
Both the MRA subsystems for houses and apartments were implemented using SPSS statistical software.
System Combiner
The assessment results derived from the two subsystems were combined by cumulative average for houses in order to obtain the overall assessment (€)/m2 of the MA" system. In the case of apartments the assessment results were combined by calculating the maximum value.
RESULTS
A bootstrapping procedure 4 as used for evaluating the MA" system. Ten different sets of houses and ten different sets of apartments were selected at random for training and evaluating the performance of the A N N s and the MRA assessors. The MAPE and the COD [2] for the ten sets were computed for each assessor, each subsystem and for the whole MANN system. According to IAAO (1990b) [14] COD for single-family homes and condominiums should be 15.0 or less.
A. Case I : Houses
The training set of houses consisted of 154 houses and the testing set consisted of 50 houses. For each assessor, the average assessment was computed for the ten sets of all the twelve features for houses. The best assessor was the BP with 11.41% MAPE and 11.38% COD. The second one was the SOFM assessor with 12.40% MAPE and 12.06% COD. The PNN assessor was the third one with both measures at 12.82%. The subsystem 1 produced better results than the individual assessors with 10.77% MAPE and 10.65% COD. MRA produced similar results with those of the BP's. These were 11.40% MAPE and 11.33 % COD. The MANN system produced the best results with 10.67% MAPE and 10.57% COD.
B. Case 2: Apartments
The training set of apartments consisted of 350 apartments and the testing set consisted of 120 apartments. For each assessor, the average assessment was computed for the ten sets of all the six features for apartments. results than the PNN and SOFM with 9.91% MAPE and 9.09% COD. MRA produced the same results with the BP. The MANN system produced the best results in MAPE with 8.68%. However, the COD measure of the MANN system was 8.41% and it was better than the COD of the PNN and SOFM.
IV. CONCLUSIONS
This study shows that the MANN system can be used successhlly in mass appraisal assessment for taxation purposes and that modular systems are promising tools in property valuation and in mass appraisal. The combination of different features and different assessors improved the overall assessment performance of the system and made it more robust and reliable than an individual assessor. The evaluation results could be varied hrther using more data fiom more cases, both for training and testing the system. Finally, the proposed methodology can be applied for the development of a MA" system in mass appraisal for taxation purposes.
